The extract produced from the leaves of Stevia rebaudiana Bertoni (Asteraceae) contains sweet steviol glycosides, mainly stevioside and rebaudioside A (Fig. 1) , and has long been used as a sweetener in Japan. In 2008, the specifications for "steviol glycosides" were established by the Food and Agriculture Organization of the United Nations (FAO)/World Health Organization (WHO) Joint Expert Committee on Food Additives (JECFA), and "stevia extracts" were approved as generally recognized as safe (GRAS) by the U.S. Food and Drug Administration (FDA). Thereafter, the purified stevia extracts specified in JECFA and FDA became popular worldwide.
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According to the assay for steviol glycocides in the JECFA specifications, 1) the total content of nine types of steviol glycosides ( Fig. 2) should not be less than 95%. In the assay method, rebaudioside A is quantified from the peak area on LC using the rebaudioside A standard, and each steviol glycoside except rebaudioside A is quantified from their respective peak areas and absorption coefficients using the stevioside standard as the quantification standard.
Various commercial standard reagents of stevioside and rebaudioside A are available, although their purities are different and their exact purities are not indicated in the product literatures. Therefore, if the claimed values are employed in the quantitative analysis of a sample, the quantitated contents of the stevioside and rebaudioside A in the identical sample will be assigned different measured values according to the standard used for the quantification.
Quantitative NMR (qNMR) using an internal standard with traceability to the International System of Units (SI units) has recently been used to determine the absolute purities of various chemical substances. [2] [3] [4] [5] [6] [7] The qNMR method permits the absolute quantification of a target compound without the need for a standard of that compound. In addition, it is rapid and easy. The compound is quantified from the ratios of the integral values of the proton signals of the internal standard and the target compound. In addition, various compounds can be quantified using the same internal standard.
In this study, we utilized the qNMR method to determine the purity of stevioside and rebaudioside A in commercial standards. The knowledge of their absolute purities will increase the accuracy of other analytical methods that use standards, such as LC.
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H-NMR spectra were recorded on a JEOL JNM-ECA600 (600 MHz) spectrometer. NMR acquisition and processing were performed as previously described. [2] [3] [4] [5] [6] [7] For each sample, 16 scans were recorded with a 90° pulse and a 60-s pulse delay, since highprecision qNMR spectra can be attained when the pulse angle is 90° and the pulse delay time is greater than the quintuple spin-lattice relaxation time ( Quantitative Determination of Stevioside and Rebaudioside A by qNMR Commercial standards of stevioside (STD-I through -V) and rebaudioside A (RBDA-I through -V) were dried at 105°C for 2 h, according to the preparation method of the standard described in the JECFA specifications, 1) and then 20 mg of each standard was accurately weighed and dissolved individually in 1.0 mL of the qNMR reference solution and subjected to 1 H-NMR measurement. The purities (%w/w) of stevioside and rebaudioside A in the standards were calculated from Eq. 2:
where P STD (or RBDA) is the purity (%w/w) of stevoside (or rebaudioside A) in the commercial standard; C BTMSB is the accurate concentration (mg/mL) of 1, is the concentration (mg/mL) of stevioside (or rebaudioside A) in the commercial standard. In this study, an analytical software package for quantification, ALICE 2 for qNMR (JEOL RESONANCE, Tokyo), was employed to automatically calculate the purity of the stevioside and rebaudioside A in the samples from the qNMR FID data. LC Analysis of Stevioside and Rebaudioside A Aliquots (40 µL) of the solutions prepared for qNMR were dried under N 2 gas and then dissolved in 1.6 mL of CH 3 CN-water (30 : 70 v/v). The solutions (5 µL) were subjected to LC analysis, and the peak areas were measured. The LC system was an Alliance 2695 with a 2996 photodiode array detector (Waters Co., Massachusetts, U.S.A.), and the analysis conditions were as follows: LC column: Capcell Pak C18 MG (4.6 mm i.d.×250 mm, 5 µm, Shiseido Co., Ltd., Tokyo, Japan); column temperature, 40°C; flow rate, 1 mL/min; mobile phase, CH 3 CN-ammonium formate (5 mm, pH 6.1, 32 : 68 v/v, isocratic elution); detection wavelength, 210 nm. Each solution was injected in duplicate. In the present study, 1,4-BTMSB-d 4 ( Fig. 3 ) was used as an internal standard for qNMR, 3, 4, 6) because the 1,4-BTMSB-d 4 signal (0.23 ppm) does not overlap with any signals arising from steviol glycosides and because we can accurately calculate the 1,4-BTMSB-d 4 concentration in the prepared qNMR reference stock solution from the certified purity (99.8± 0.2%) with SI traceability. Thus, the qNMR method allows the absolute quantification of stevioside and rebaudioside A because the purity of 1,4-BTMSB-d 4 used as the internal standard is accurately known.
Results and Discussion
Confirmation of Linearity of qNMR-Quantified Values of Stevioside and Rebaudioside A
In this study, 20 mg/ mL standards were used in the tests to determine the purity of stevioside and rebaudioside A because weights less than 10 mg, as measured by a semi-microbalance, showed an uncertainty of greater than 0.2%. In the concentration range around 20 mg/mL (15-35 mg/mL), the linearity between the weight of the tested standards and the quantified levels of stevioside or rebaudioside A determined by qNMR could be investigated. As shown in Fig. 4a, using (Fig. 4b) . These results showed the linearity between the weight of the tested standards and the quantified levels of stevioside or rebaudioside A by qNMR, suggesting that no calibration curves are necessary in the 15-35 mg/mL range. In Fig. 4 , the slopes of the regression lines were 0.97-0.98, reflecting the purities of the stevioside or rebaudioside A in the standards. Using the two signals, quantitation levels due to the different protons of the compounds were comparable.
Determination by qNMR of Stevioside and Rebaudioside A Purities in Various Commercial Standards
The absolute purities of stevioside and rebaudioside A in five commercial standards after drying at 105°C for 2 h were determined by the qNMR method using the same internal standard. As shown in Table 1 , the relative standard deviations of three trials were 0.2-1.1%. The values determined from the two signals, 5.68 ppm (H-17α) and 2.71 ppm (H-14α) for stevioside and 5.31 ppm (H-1⁗) and 2.65 ppm (H-14α) for rebaudioside A, correlated well. Therefore, it appears that no remarkable signal arose from the overlap of the impurity to the signals for quantification. Thus, the averages of the purities were calculated from the two values derived from each of the two signals of stevioside and rebaudioside A, after confirming the similarity of the two values.
By qNMR, the purities of stevioside were 92.0-97.7% and those of rebaudioside A were 94.6-96.6% in each of the five commercial standards (Fig. 5) . The purities of STD-IV and STD-V were approximately 5% lower than that of STD-I, and the purities of RBDA-III, -IV, and -V were approximately 1-2% lower than that of RBDA-II. The qNMR-determined purity of stevioside and rebaudioside A in the standards was generally lower than that claimed in the product literature by manufacturers. This suggests that impurities or solvents that do not have UV absorbance might be present in the tested standards, and thus were not detected by LC/UV analysis. If the claimed purity of a commercial standard is different from the actual purity and if the claimed value is employed in the quantitative analysis of a sample, the quantitated contents of the stevioside and rebaudioside A of the sample will be incorrect. Thus, it is very important to confirm the accurate purity of stevioside and rebaudioside A in quantification standards.
Recently, Pieri et al. reported 10) a quality control method for stevia extract products based on qNMR. Their method is very useful, but an NMR apparatus is necessary. In this study, an absolute quantification method employing qNMR was applied to determine the purities of stevioside and rebaudioside A in their commercial standards. By using standards with accurate purities determined by SI-traceable qNMR, the stevioside and rebaudioside A in various stevia extracts can be accurately quantified by various analytical methods such as LC.
Comparison of Results Obtained from qNMR and LC/ UV Peak Areas Aliquots of solutions prepared for the qNMR of each of the five standards of stevioside and rebaudioside A (20 mg/mL, n=3) and those of STD-I and RBDA-II (15, 25 mg/mL, n=2) were used for LC analysis, and the peak areas were measured. Then, the purities of stevioside and rebaudioside A in commercial standards determined by qNMR were compared to their peak areas at 210 nm by LC/UV analysis. As shown in Fig. 6 , the LC peak areas of stevioside and rebaudioside A correlated (stevioside: R 2 =0.994, y=523.04x;
.994, y=437.25x) with the amounts determined by our qNMR method. Based on the ratio of the slopes of the regression lines for stevioside and rebaudioside A in Fig. 6 , the accurate relative ratio of absorbance at 210 nm for stevioside to that for rebaudioside A in the same amounts was calculated as 1.20 (= 523.04/437.25). These results suggest that the accurate relative ratio of absorbance between the same amounts of the different compounds can be calculated by a combination of qNMR and LC/UV analysis. (H-14α) . b) AV±S.D., n=3; the purity value of RBDA-II determined by qNMR was used for calculation. c) AV±S.D., n=3; the purity value of RBDA-IV determined by qNMR was used for calculation. Table 1 shows the purities of stevioside and rebaudioside A in the different standards determined by qNMR and by LC using two of them as quantification standards. For the LC determination, the purities of each of the two quantification standards determined by qNMR were utilized for calculation. As shown in Table 1 , the purities determined by qNMR and those determined by LC were similar, and the differences between then were 0.03-0.5%. These results suggest that the accurate quantification of a compound can be achieved by LC analysis if the purity of the quantification standard is determined by qNMR with SI traceability and is used for the LC/ UV analysis.
Conclusion
Using 1,4-BTMSB-d 4 reference material with SI traceability as an internal standard, we utilized qNMR to examine the absolute purity of stevioside and rebaudioside A in commercial standards. The purities of stevioside and rebaudioside A in each of five commercial standards were precisely determined, and they correlated well with their peak areas obtained by LC/UV analysis. These results demonstrate that the qNMR method is useful for determining the purity of stevioside and rebaudioside A in commercial standards. In addition, these findings suggest that we can accurately quantify stevioside and rebaudioside A in various stevia extracts by LC using standard reagents whose purity has been accurately identified by qNMR.
